Aim: In the present study we investigated the effect of laughter therapy on physiological and psychological function in older people.
| INTRODUC TI ON
The world's population has been rapidly ageing in recent decades.
The United Nations reported that the population aged 60 or above comprised 12% of the global population in 2015 and is growing at a rate of 3.26% a year. Under this situation, some developed countries are already reaching a super-ageing society. Because ageing is associated with progressive degenerative changes in not only organ function but also both physiological and psychological function, resulting in a decline in quality of life (QOL), promotion of the physical and mental health of older people to improve QOL is becoming a more important issue in an ageing society. From the viewpoint of controlling the escalating healthcare/medical cost associated with an increasing elderly population, cost-free and practical treatment is sought, in addition to established conventional therapies. Various strategies for health promotion of older people have already been investigated, among which laughter therapy has been evaluated in many studies and is expected to be effective.
Laughter (or humour) therapy has been focused on as an easily accessible, noninvasive, nonpharmacological treatment and has been performed in various groups of participants and as a part of various programmes all over the world (Arrick & Mayhan, 2010; Averill, 1969; Bennett, Zeller, Rosenberg, & McCann, 2003; Berk, Tan, & Nehlsen-Cannarella, 1988; Bhagat & Vallance, 1987; Broadley et al., 2005; Bush, Krukowski, Eddy, Janusek, & Mathews, 2012; Cardillo, Kilcoyne, Quyyumi, Cannon, & Panza, 1997; Cha & Hong, 2015; Eriksson, Johansson, Sarabi, & Lind, 2007; Ghiadoni et al., 2000; Ghodsbin, Sharif, Jahanbin, & Sharif, 2015; Gottdiener et al., 2003; Hayashi et al., 2007) . It is possible that the pleasurable feeling induced by laughter or humour could reduce stress and anxiety and have an effect on psychological function of patients with dementia or depression. In fact, some previous clinical studies demonstrated that psychotherapeutic intervention of laughter resulted in beneficial effects on stress, dementia, and depression (Arrick & Mayhan, 2010; Averill, 1969; Bennett et al., 2003; Berk et al., 1988) . Also, two reports investigating the effect of laughter therapy on community-dwelling older people demonstrated that laughter therapy significantly increased self-rated health (Bhagat & Vallance, 1987) and that it had positive effects on depression and insomnia assessed by GDS, SF-36, and PSQI scores (Broadley et al., 2005) . Moreover, another randomized controlled trial showed that laughter therapy significantly improved general health, somatic symptoms, insomnia, and anxiety, although it did not improve social dysfunction and depression (Bush et al., 2012) .
In addition, laughter therapy is strongly suggested to have effects on physiological and biological functions. Laughter was reported to influence the immune system and to induce natural killer cell (NK) activity, accompanied by reduction in stress (Bennett et al., 2003; Bhagat & Vallance, 1987; Cardillo et al., 1997; Cha & Hong, 2015) . Also, it was demonstrated that a 3-month consecutive programme of laughter and exercise in older people resulted in a significant increase in bone mineral density and a significant decrease in haemoglobin A1c (Bhagat & Vallance, 1987) . Moreover, happy laughter, joyful music, and hobbies are suggested to improve endothelial function (Hirosaki et al., 2013) . These findings obtained from previous studies suggest that laughter therapy has a beneficial effect on not only psychological function but also physiological function and could be a practical treatment to improve QOL of older people with deterioration of activities of daily living (ADL) and a decline in mental health due to depressive feelings, impaired cognitive function, reduced vitality, and poor social activity.
Here, we investigated the effects of laughter therapy on physiological and psychological function in older people who regularly attended an elderly day care centre because of impaired ADL or cognitive disorder. A unique point of the present study is that the Japanese style of stand-up comedy performed by professional comedians was employed as stimulation to cause laughter or a pleasant feeling. Stand-up comedy was used as laughter therapy once a week for 4 weeks in an elderly day care centre. Changes in blood pressure, heart rate, NK activity, plasma concentration of serotonin, and salivary concentration of chromogranin A (CgA) were measured as biological/physiological parameters, in addition to psychological parameters such as the geriatric depression scale, QOL scale, and vitality scale.
| ME THODS

| Participants and study design
Seventeen participants aged 60 years and older were recruited from people who regularly attended an elderly day care centre, "Gashu-en", because of impaired motor or cognitive function. Standup comedy was used as laughter therapy and participants with sufficient cognitive function to enjoy and respond to stand-up comedy were recruited. Stand-up comedy, which was performed by a professional Japanese comedian from Yoshimoto Kogyo Co., Ltd. (Osaka, Japan), was carried out once a week at a fixed time in the morning in the presence of participants for 30 min and run for four consecutive weeks. The content of stand-up comedy was different each time and each comedy session was performed by a different comedian.
Stand-up comedy consisted of comical performances that were simple, visual and participatory, so as to be easily understandable, such as comical magic, joking, impersonation, and so on.
| Parameters for assessment
Measurements taken one day before the first show and at the same time on the day after the last show included NK activity, plasma concentration of serotonin, blood pressure (BP), and heart rate (HR), to evaluate the effect of laughter therapy on physiological functions.
As one participant did not provide a blood sample, blood analysis was performed in the remaining 16 participants. Extracted blood samples (Eriksson et al., 2007) were immediately placed on ice and stored at 4°C until just before measurement. Measurements were performed within a day.
In addition, the effects of laughter therapy on psychological function were evaluated by questionnaire surveys. Health-related QOL of the participants was investigated using the 8-item Short Form (SF-8).
The Japanese version of SF-8, which is a questionnaire survey of self-rated health, consists of eight items; Physical Function, Physical Roles (limitation of roles due to physical problems), Bodily Pain, General Health, Vitality, Social Function, Emotional Roles (limitation of roles due to emotional problems), and Mental Health (Ko & Youn, 2011) . Mental health was also assessed using the Japanese version of the Geriatric Depression Scale 15 (GDS-15), which consists of 15 questions addressing self-reported feelings in daily life and various depressive symptoms (Kuru & Kublay, 2017) . GDS-15 is commonly used as a screening tool for depression in older people. A higher total score indicates more severe depressive symptoms. Moreover, daily activities and vitality were evaluated by Vitality Index (Lebowitz, Suh, Diaz, & Emery, 2011; Meguro, Ouchi, Akanuma, Meguro, & Kasai, 2014 ). This questionnaire is not self-rated and is completed by the participant's family who live with the participant. It consists of five items; Waking pattern, Communication, Feeding, On and off toilet, and Rehabilitation/Activity. Each item is rated as three grades (Arrick & Mayhan, 2010; Averill, 1969) . One participant declined to answer SF-8 and GDS-15; thus, assessment by these two questionnaires was performed in the remaining 16 participants.
| Saliva analysis
Whole saliva samples (200 µl) were collected from each participant using a soft syringe immediately before and after the last show.
Extracted saliva samples were immediately placed on ice and stored at 4°C until just before measurement. Measurements were performed within a day. Saliva samples were immediately centrifuged at 13,000 rpm for 2 min, followed by storage at −20°C. The concentration of CgA in saliva was measured using an enzyme-linked immunosorbent assay (ELISA) kit, according to the manufacturer's instructions.
| Ethics statement
The study protocol was approved by the Ethics Committee for Clinical Investigation of Morinomiya University of Medical Sciences (Permit Number: 2011-020). The study was performed in compliance with these institutional guidelines. All of the participants and their families gave written informed consent before entering the study, which was conducted in accordance with the Declaration of Helsinki.
| Statistical analysis
All numerical values are expressed as mean ± SD in the tables. In the figures, values are expressed as mean ± SEM. Datasets were analysed by paired t test. Differences with p < 0.05 were considered statistically significant.
| RE SULTS
| Baseline clinical characteristics of participants
The baseline clinical characteristics of the participants in this study are presented in Table 1 . All participants attended a facility for elderly day care three times a week on a regular basis. There were 17 participants (Bennett et al., 2003; Hayashi et al., 2007) . The participants' age was 77.0 ± 9.1 years. As the MMSE score of each participant was 19 or higher (23.9 ± 3.2), participants with normal cognitive function or mild cognitive impairment were included. Five participants had been receiving antihypertensive medication and BP was well controlled in these participants. No participant was prescribed medication for dementia or antidepressant agents, which affect psychological function, or any drugs that act on the immune function.
| Effects of laughter therapy on physiological function of participants
As shown in Figure 1a ,b, after repeated laughter therapy for 4 weeks, systolic BP and HR were significantly reduced compared with those before the intervention. In addition, plasma serotonin concentration was significantly increased after repeated laughter therapy compared to that before laughter therapy (Figure 1c ).
Moreover, a significant decrease in salivary CgA concentration was observed immediately after the last stand-up comedy show compared to that immediately before the show (Figure 1d ). Although there was no significant difference in NK activity between before and after laughter therapy (data not shown), the increase in serotonin concentration by laughter therapy was positively correlated with the increase in NK activity after the intervention (Figure 1e ).
| Effects of laughter therapy on psychological factors of participants
Questionnaire surveys using SF-8 and GDS-15 in this study demonstrated that laughter therapy also significantly improved psychological function. As shown in Table 2 , total SF-8 score was significantly reduced after four interventions of laughter therapy compared to that before intervention. Among the eight items comprising SF-8, a significant improvement in score was observed for "Bodily Pain" and "Social Function" (Table 2) . Also, the GDS-15 score after four interventions of laughter therapy was significantly decreased in comparison with that before laughter therapy (Table 2) . Not only self-rated scales but also an objective parameter assessed by the participant's family, Vitality Index, was improved. Total Vitality Index score was significantly increased by laughter therapy, as shown in Table 3 . Especially, a significant increase in the score of motivation for rehabilitation and other activities was observed (Table 3 ). All five participants who originally scored 0 or 1 for this item showed improvement.
| D ISCUSS I ON
With the increase in number of older people in an aged society, it is becoming critically important to develop new strategies to improve QOL in older people with impaired physical and/or cognitive function. Day care centres for older people are popular institutions to care for these people, where they regularly attend to receive rehabilitation, food, bathing, and recreation. This study was designed to investigate the effects of laughter therapy as recreation performed in an elderly day care centre and examine the possibility of establishing an easily accessible, noninvasive, nonpharmacological, costfree, and practical treatment to improve QOL in older people. No The present study demonstrated that laughter therapy significantly improved some physiological functions. One important finding of this study was a significant reduction in BP and HR by regular laughter intervention (Figure 1a,b) . This reduction is considered to be induced by parasympathetic activation followed by relaxation and reduced stress by laughter therapy, because early reports demonstrated that humorous stimulation by a funny movie or happy laughter had a beneficial influence on physiological responses determined by BP and HR via autonomic responses (Minami et al., 2015; Nezu, Nezu, & Blissett, 1988) . Reduced stress by laughter therapy was also confirmed by lowered levels of stress hormones in this study. The concentration of salivary CgA, which is a sensitive stress hormone that responds in a short time period, significantly decreased immediately after seeing stand-up comedy, compared to that before the show (Figure 1d ). Moreover, laughter therapy for four consecutive weeks resulted in a significant increase in plasma concentration of serotonin, which is known to maintain a stable mental state (Figure 1c ), similarly to a previous report (Ghodsbin et al., 2015) . Thus, lowering BP and HR by laughter therapy may be followed by suppression of sympathetic nervous system activity via changes in such hormones. Also, the successful reduction of a stress hormone and induction of serotonin indicated that stand-up comedy could be a useful tool as a method of laughter therapy.
Mental stress is known to affect endothelial function (Hirosaki et al., 2013; Ryu, Shin, & Yang, 2015; Sanchez et al., 2007; Takahashi et al., 2001; Takeda et al., 2010; Toba et al., 2002) . It was reported that psychological stress induced by performing an arithmetic or speech task inhibited forearm flow response, indicating endothelial dysfunction (Takahashi et al., 2001; Takeda et al., 2010; Toba et al., 2002) .
Previous animal experiments partially elucidated its mechanisms, improve endothelial dysfunction in older people via a reduction in glucocorticoids, as previous studies showed that serum concentration of glucocorticoids was significantly decreased in participants who viewed a humorous video compared to control participants (Eriksson et al., 2007; Ryu et al., 2015; Walter et al., 2007) . Laughter therapy may also contribute to preventing stress-induced cardiovascular events in older people through not only lowering BP and HR but also improving endothelial dysfunction mediated by a reduction in glucocorticoids. In addition, the reduction in the glucocorticoid level by laughter therapy would affect immune function, because glucocorticoids are immunosuppressive (Yovetich, Dale, & Hudak, 1990) . The reported increase in NK activity by laughter therapy (Bennett et al., 2003; Cardillo et al., 1997; Cha & Hong, 2015; Ghiadoni et al., 2000) may be mediated by a reduction in glucocorticoids. Although the level of NK activity was not changed by laughter therapy in the present study (data not shown), the increase in serotonin concentration by laughter therapy was positively correlated with the increase in NK activity (Figure 1e ), suggesting some effects of laughter therapy on immune function.
In most older people, psychological factors are directly connected to social activity and loss of QOL, rather than impairment of physical function. The present study strongly suggests beneficial effects of laughter therapy on psychological function and mental health. The results of depressive feelings in older people in this study were similar to those in previous reports (Broadley et al., 2005) .
Our finding that GDS-15 score was improved by laughter therapy once a week for 4 weeks from 7.00 ± 4.05 to 5.63 ± 4.03 (p = 0.038) (Table 2) is consistent with previous data showing that laughter therapy at the same frequency changed the score from 7.98 ± 3.58 to 6.94 ± 3.19 (Broadley et al., 2005) . The baseline score of participants and the degree of improvement in score were similar in both studies, suggesting that the effect is reliable and that laughter therapy would be useful in older people with a depressive tendency. Moreover, the questionnaire survey of SF-8 in this study showed a significant improvement in the total score of SF-8 (Table 2 ). It is noteworthy that the score of "Social Function" was significantly increased. These data suggest that laughter therapy would improve sociability, preventing social isolation and leading to stronger social ties. Also, the score of "Bodily Pain" was significantly improved in the present study, as well as in a previous report showing an improvement in the score of Bodily Pain in SF-36 (Broadley et al., 2005) . Improved sociability and pain reduction would contribute to improvement of QOL, indicating the usefulness of laughter therapy. Of importance, in the present study, the effects of laughter therapy on psychological function were firstly assessed by the Vitality Index (Table 3) , which is not a self-rated but an objective scale. An interesting finding was the increase in score of motivation for rehabilitation and other activities.
These data obtained by questionnaire surveys suggest beneficial effects of laughter therapy on mental health and QOL through an improvement of depressive feelings, sociability, and activity. In addition, a significant increase in serum concentration of serotonin by laughter therapy was observed in this study (Figure 1c ). Serotonin is known to act as a neurotransmitter in the central nervous system and to play a major role as a controller of feelings, anxiety, sleep, and vitality. As serum serotonin concentration could reflect intracerebral secretion of serotonin, the effects of laughter therapy observed in the present study might be mediated by induction of serotonin.
Although this study successfully demonstrated some beneficial effect of laughter therapy, its mechanism is still unclear. However, considering the results obtained in this study and previous reports (Eriksson et al., 2007; Ghodsbin et al., 2015; Ryu et al., 2015; Walter et al., 2007) , conceivable mechanisms are that changes in physiological parameters are mediated by reduction in stress hormones, such as CgA and glucocorticoids, and that improvement in psychological function is mediated by an increase in serotonin. We observed a reduction in the concentration of salivary CgA immediately after stand-up comedy and an increase in plasma serotonin concentration after four laughter therapy interventions. However, there are some points that should be considered study limitations. CgA was measured before and after just one show and reproducibility was not confirmed in this study. Also, change in glucocorticoids was not measured in the present study, although a previous study reported that serum concentration of glucocorticoids was significantly decreased in participants who received a laughter therapy programme. In addition, plasma concentration of serotonin was measured in this study, whereas intracerebral secretion of serotonin was not. Moreover, the present study did not reveal how long the effects are maintained.
Biological parameters, such as CgA and serotonin, physiological, and psychological parameters should be evaluated in the long term after laughter therapy in a further study. This study has a few other limitations which should be investigated in further studies. First, the sample size was relatively small. to set a rational control group, it is quite difficult to measure and evaluate them. This point is a study limitation and a future task. In addition, when considering a programme of laughter therapy, there may be a difference between spontaneous humour and rehearsed humour. Our programme of laughter therapy using stand-up comedy is not spontaneous and is more rehearsed humour. In this study, we did not compare the effect of laughter therapy by seeing a show to that of spontaneous humour. As it is difficult to exploit spontaneous humour in participants with impaired cognitive function or a depressive mood, it would be desirable for laughter therapy for older people to be provided as passive humour, where a joyful feeling wells up from seeing a comic show or humorous video.
| CON CLUS ION
The present study demonstrated that the intervention of laughter therapy once a week for 4 weeks in an elderly day care centre resulted in a significant reduction in BP/HR, alleviation of geriatric depression/bodily pain and improvement of sociability/activity, accompanied by a significant decrease in salivary CgA level and a significant increase in serum serotonin level. These data strongly suggest beneficial effects of laughter therapy on physiological and psychological functions, although laughter did not affect cognitive function. The present study supports the therapeutic advantage of laughter therapy and raises the opportunity of a new approach to promote physical and mental health in older people. In an aged society, where older people with impairment of ADL and QOL are increasing, laughter therapy could be expected to be a low-cost, safe, and practical treatment that nurses can use.
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